Abstract Metabolic syndrome (MetS) results from the derangement of adipocyte physiology and carbohydrate metabolism. Obesity and insulin resistance (IR) are integral features of MetS. The adipokine alterations in MetS often correlate with IR and body fat content. High adipose tissue content is associated with a decreased production of adiponectin and excessive production of tumour necrosis factor-a (TNF-a) and interleukin-6 (IL-6), all of which induce IR. The present study evaluated the adipokine alterations in MetS and their association with IR. The findings of the current study indicate that MetS is associated with significant decrease in adiponectin and increase in TNF-a and IL-6. The present study also found that the adipocyte derived inflammatory adipokines, TNF-a and IL-6 correlate with IR while the anti-inflammatory adipokines, adiponectin does not correlate with the degree and severity of IR.
Introduction
Metabolic syndrome (MetS) is a widely prevalent and multi-factorial disorder that presents in a distinct, albeit heterogeneous phenotype. It is a cluster of disorders that occur together, increasing the risk of heart disease, stroke and type 2 diabetes mellitus (T2DM). The disorders include elevated blood pressure, insulin resistance (IR), and excess body fat around the waist and/or dyslipidemia. The prevalence of MetS depends on age, ethnic background, and gender. It rises linearly from 20 to 50 years and plateaus thereafter [1] . It is estimated that a large majority (*75 %) of patients with T2DM or impaired glucose tolerance (IGT) have MetS. The presence of MetS in these populations relates to higher prevalence of cardio vascular disease (CVD) compared to patients with T2DM or IGT without the syndrome [2] . T2DM is the most common form and is characterized by disorders of insulin action and secretion, IR with relative insulin deficiency or predominantly as insulin secretory defect with or without IR [3] . Incidence of T2DM increases steadily with age from about 6 % of the total population to about 11 % by the age of 65. People with T2DM are frequently resistant to the action of insulin [4] . In patients with MetS the incidence of coronary disease and carotid atherosclerosis is higher along with higher mortality from all such causes [5] . Some studies had shown that, regardless of the criteria used obesity was the most common characteristic of MetS and it was also suggested that obesity should be considered as an essential component of the set of cardiovascular risk factors in order to identify subjects with a higher risk of co morbidities and early CVD [6] . The degree of obesity was reported to influence the onset of alterations that comprise MetS increasing the risk of cardio-MetS [7] .
Insulin resistance was reported to be the most important single risk factor predisposing an individual to MetS and all the known associated complications of the syndrome. IR can be defined as an insufficient response of target organs such as liver, skeletal muscle and adipose tissue, to the physiological plasma insulin levels and a disruption in the insulin signalling transduction pathway downstream the insulin receptor, and is considered to be the most important underlying mechanism of MetS [8] . IR, or its accomplice, hyperinsulinemia, is the main determinant of metabolic risk, independent of age [9] . Obesity had been shown to be the most important and independent etiological factor as the commonest symptom of MetS [10] . Several studies had revealed that the plasma concentration of inflammatory markers or mediators, such as TNF-a, IL-6, hs-CRP, fibrinogen, and plasminogen activator inhibitor-1 (PAI-1) levels were increased in the insulin-resistant states of obesity and T2DM [11, 12] . In obesity, the expression, synthesis and release of the pro inflammatory adipokines such as TNF-a, IL-6, leptin and resistin are enhanced; but that of anti inflammatory molecules such as adiponectin is decreased. Many of these adipokines such as adiponectin, TNF-a, IL-6, fetuin-A, resistin, visfatin, leptin etc. are well characterized and their association with IR, obesity and MetS were reported [13, 14] . Eventhough several adipokines were implicated to play a role in the pathogenesis of MetS, adiponectin, TNF-a and IL-6 are the most important in the pathogenesis of the syndrome [15, 16] . Adiponectin enhances insulin sensitivity in liver and stimulates glucose uptake and fatty acid oxidation in muscles. This will also explain IR observed in patients with MetS [17, 18] .
Materials and Methods
A cross-sectional, case-control study was conducted at the Department of Physiology and Biochemistry, Educare Institute, Malappuram, in association with the Department of Medicine, Medical College Hospital, Kottayam, Kerala. Both the MetS and control subjects (men and women) were included after getting the informed consent as per the criteria laid down by the Institutional Ethics Committee. Two hundred and fifty subjects in the age group of 31-50 years with MetS as per the revised criteria of the International Diabetes Federation (IDF) formed the MetS group [19] . One hundred and fifty healthy age and sex matched control subjects were selected from the siblings and staff of the hospital. None of the subjects were suffering from any acute or chronic illness and were not on any treatment.
Blood samples of all subjects were collected after 12 h fasting. Plasma and serum were used for the following investigations and the data so obtained were documented. Glucose was estimated using Randox-Daytona Fully Automated Biochemistry Analyzer. Insulin and C-peptide were assayed by Chemi Luminescent Immuno Assay (CLIA) in Advia Centaur-fully automated CLIA analyzer of M/s. Siemens Health Care Diagnostics India Ltd. Glycated hemoglobin (HbA 1 c) was estimated by HPLC using Bio-Rad D 10 Analyzer. TNF-a and IL-6 were analyzed by CLIA using Immulite 1000 (M/s. Siemens Health Care, Germany). Adiponectin was assayed by using ELISA kit manufactured by Otsuka Pharmaceuticals, Japan in Biorad 680 micro plate reader [20] [21] [22] [23] . Quality control (QC) was performed by participating in the BIO-RAD EQUAS international QC programmes. IR determination was by the homeostasis model assessment for IR (HOMA-IR). The calculation of IR was by employing the following formula [24] .
Data from the above investigations were statistically analyzed employing the Holm-Sidak method of multiple pairwise comparison procedures of One Way Anova test. Pearson product moment correlation test was used for correlation analysis between a dependent variable and an independent variable. The overall critical confidence level of the present study was 95 % (a-0.05 and b-0.95) and hence, results with p values \ 0.05 were interpreted as statistically significant [25] . All statistical procedures and tests were conducted IR ¼ Fasting blood glucose mg=dl ð ÞÂFasting plasma insulin lU=ml ð Þ 405 using Sigma Stat 6.5 Version Software (M/s. Sigma-Aldrich Co., St. Louis, USA). Tables 1 and 2 show that FBS and HbA 1 c levels of men and women in both the age groups were significantly elevated in the MetS group, as compared to their age-matched control groups (p \ 0.001). A significant rise in FBS of men was observed in the 31-40 age MetS group, as compared to women of the same age group (p \ 0.001). But such an alteration in FBS of men of the 41-50 age MetS group was not observed compared to the age-matched MetS group women. The FBS of the upper age group men and women showed no change compared to the corresponding lower age group. HbA 1 c levels of men in both the 31-40 and 41-50 age groups were increased significantly (p \ 0.001) compared to the age-matched women subjects (p \ 0.001). The HbA 1 c levels of men and women in the 41-50 age group were significantly increased than that of their respective 31-40 age group (p \ 0.001 and \0.01). Tables 3 and 4 show that plasma insulin and C-peptide levels of the MetS group men and women in both the agegroups were significantly elevated as compared to their age-matched controls (p \ 0.001). Both plasma insulin and C-peptide levels of men in the 31-40 age group were significantly higher than that of the age-matched women irrespective of MetS or control group (p \ 0.001), but such a change was not observed in men and women of the 41-50 years age group. The plasma insulin levels of the upper age group men and women were not increased significantly as compared to the corresponding lower age group while, the plasma C-peptide levels of the upper age Tables 5 and 6 . Adiponectin values of the MetS patients were statistically lower than that of the control subjects of the corresponding age groups. The values were found to be decreasing with increasing age both in control and MetS groups. Adiponectin levels of the women in the MetS and control groups were significantly higher than the corresponding men. The statistical analysis of the TNF-a value revealed significant elevation with increase in age of both in men and women of the control and MetS group groups. Comparison of the TNF-a value between men and women of the two different age groups was significant in all cases except men and women of the test group between 41 and 50 years. The values were significantly higher in both the men and women of the MetS group compared to the corresponding control subjects. The IL-6 values of the MetS group were statistically higher than that of the corresponding control group. The values were found to be increasing with increase in age both in men and women of the MetS and control groups. These differences were found to be statistically significant. Comparison between men and women also revealed significant difference. Table 7 shows that adiponectin is not correlated with either the glycemic indices (except HbA 1 c), or IR, whereas TNF-a and IL-6 show significant correlations with the above parameters.
Results

Discussion
The presence of MetS is found to be associated with increased risk of T2DM or IDF defined MetS. T2DM is characterized by disorders of insulin action and secretion, All values are expressed as Mean ± SD Table 6 One Way Anova test statistics of adipokines. DF as in Table 2 Comparisons Adiponectin TNF-a IL-6 IR with relative insulin deficiency or predominantly as insulin secretory defect with or without IR. Individuals with T2DM have relative insulin deficiency. Even in the absence of IR obesity was found to be associated with increased risk of T2DM. However, the presence of MetS was found to be associated with an increased risk for T2DM regardless of the anthropometric indices. The observed alterations in glycemic indices this study in subjects with MetS suggests that these subjects have peripheral IR. Further, this finding substantiates the association between MetS and the development of T2DM. IR leads to a compensatory increased production of insulin by the pancreatic beta-cells resulting in hyperinsulinemia. IR is the main determinant of the metabolic risk, independent of age. The finding of the present study is consistent with other studies highlighting the importance of IR in MetS [5] . Several factors appear to be involved in the development of IR. Obesity is one of the most common finding in MetS, and the excess adipose tissue, particularly visceral adipose tissue is a source of several molecules such as adipocytokines (adipokines) that induce IR. The adipokines produced by adipocytes are involved in energy metabolism [8] . In obesity, there is enhanced adipocyte production of several inflammatory cytokines such as CRP, TNF-a, leptin and IL-6. TNF-a and IL-6 contribute to decreased insulinsensitivity in adipocytes, liver and skeletal muscles, by impairing insulin signal transduction. Excessive adipose tissue is also associated with a decreased production of adiponectin, a molecule that is found to have anti-diabetic, anti atherosclerotic and anti-inflammatory functions [17, 18] . The imbalanced production of pro-and anti-inflammatory cytokines by adipocytes not only creates the inflammatory milieu associated with obesity but also decreases insulin-sensitivity in various target organs by impairing insulin signal transduction [6] [7] [8] [9] . Several authors had shown that adipose tissue dysfunction is related to its components or MetS itself by a cause-effect relationship [10] [11] [12] [13] [14] . In the present study, significant decrease in the level of adiponectin and increase in the levels of TNF-a and IL-6 were observed in subjects with MetS compared to their age and sex matched counter parts.
The correlation of TNF-a with obesity and IR, were reported earlier [7, 8] . Similarly, IL-6 is also reported to be elevated in patients with MetS [9] [10] [11] [12] [13] [14] . The elevation in TNF-a and IL-6 reported to be associated with IR, pro inflammatory and pro thrombotic changes. This may result in increased prevalence of chronic degenerative diseases such as T2DM, hypertension and CVD [15, 16] . Along with this, the decreased level of adiponectin, a potent anti inflammatory cytokine will further augment the risk of chronic degenerative diseases. TNF-a and IL-6 showed a positive correlation with IR whereas adiponectin and IR were negatively correlated, which is statistically not significant. This observation of the present study underlines the fact that the levels of the inflammatory adipokines, TNF-a and IL-6 are dependent on IR whereas that of adiponectin is independent of IR in MetS patients. The seemingly paradoxical finding that there exists no correlation between IR and adiponectin levels might be attributed to the fact that in the context of this study, adiponectin levels per se correlate with the number and size of adipocytes (or the degree of adiposity) rather than with IR. This is documented by similar studies elsewhere, which also reported non-significant or casual associations of IR with adiponectin levels in MetS patients [26, 27] .
Conclusions
MetS, a life style disease is associated with alterations in glycemic indices and adipokines levels, which predispose an individual to T2DM and CVD. In the present study an attempt was being made to correlate the adipokines levels with the IR of individuals having MetS. The glycemic indices (FBS, HbA1c, insulin and C-peptide) of the subjects in the MetS group was significantly higher than that of their normal counter parts, both in men and women. The inflammatory adipokines (TNF-a and IL-6) were increased whereas the anti-inflammatory adipokine, adiponectin was decreased in subjects with MetS. The inflammatory adipokines showed positive correlations with IR while the anti-inflammatory adipokine, adiponectin did not show a significant negative correlation with IR in patients with MetS. So it could be concluded from the present study that there were elevations in FBS, HbA 1 c, insulin, C-peptide, IR, TNF-a and IL-6 which predispose people to the risk of chronic degenerative conditions like CVD, CHD or T2DM as compared to their agematched controls. On the contrary, adiponectin, a parameter which is associated with a decreased risk for these diseases tend to fall significantly in MetS patients than their normal counter parts. Moreover, serum levels of the inflammatory adipokines correlate with IR in both men and women across different age groups with MetS.
